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ABSTRACT 

Plants transformed with a gdhA gene and also with a 
gene used as a selectable marker provide a dual gene herbicide 
resistant and tolerance package. The transgenic plants and 
their progeny exhibit an expression cassette having 
transcription Initiation and transcription ternlnatlon regions 
functional in the plant cells, and a DNA sequence encoding the 
GDH enzyme. The expression cassette Imparts a detectable 
level of herbicide resistance to the phosphlnothrlcln class of 
herbicides. Transformed cells laay further Include a marker 
gene, such as the phosphlnothrlcln acetyl transferase gene 
and/or the Bar gene. Plants having this expression cassette 
can be grown In an environment Including a phosphlnothrlcln 
clase herbicide to control undesirable vegetation without 
Blgnlf leant ly affecting crop grot^h. 
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PLXKTS CO^TTAINIKO THB gdhA GEKE 
AND METHODS OF USB THERBOF 

FIELD OF THB INVENTION 

The present invention relates to plants transformed 
with the gdhA gene. Mord specifically, the present invention 
relates to a gene which can be used as a selectable marker in 
transformation. Additionally, the present invention relates 
to a dual gene herbicide resistance and tolerance package 
that includes the phosphinothricin acetyl transferase (PAT) 
gene and/or the Bar gene in coiT±>inat ion with the gdhA gene. 

BACKGROUND OF THE INVENTION 

Plants utilize nitrogen to form organic compounds. 
Ammonia and ammonium ions do not accumulate in plants colls 
but instead are rapidly assimilated. Ammonium assimilates 
through two possible pathways. Th^ first pathway produces 
glutariidte and is catalyzed by glutamate dehydrogenase (GDI?) , 
which is found in chloroplasts emd mitochondria. 

The second pathway for assimilation of ammonia . involves 
a reaction with glutamate to form its amide, glutamine. This 
reaction is catalyzed by glutamine synthetase (GS) and 
requires energy in the ^ form of ATP, Glutamine is then 
catalyzed by glutamate synthase (GOGAT) to form glutamate. 
GS appears in chloroplasts and cytosol in leaves and roots, 
whereas, GOGAT is in leaf chloroplasts and plastids in roots. 

Although both pathways result in glutamate, the second 
pathway appears more important in ammonium assimilation in 
plantis. Glutamate dehydrogenase, the . enzyme of the first 
pathway, has a high Km value. This value which is the 
concentration of ammonia where half of the enzyme maximum 
operation rate is within levels which are toxic for plant 
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cells. In contrast,: the , GS Km value is much lower. 
Additionally, radioactive labeling of NO, or NH. show labeled 
nitrogen in the amide group of r.glutamine first. 

5 Although GS has a high affinity for ammonia and GDH has 

a lower affinity. GS has low specific activity per enzyme 
molecule and GDH has high specific activity per molecule. 

Ammonium assimilation pathways of plants and 
10 microorganizm; althbugh maybe not fully understood; have been 

kjiowh. In October' of 1980. the ici Agricultural Division 
published in tlatiirfi. volume 287. page 396 an article on 
improved cohveVsioP of liiethalnol to single cell protein by 
Methylophilus methylotropus. 

The researchers cloned the glutamine dehydrogenase gene 
6t Eschericiiia coli (e, ' coli) into a mutant of Methylophilus 
methylotropus organism that lacks GQGAT. The paper eatplained 
that the GDH pathway should result in the organism, consuming 
20 less energy. The researchers speculate that potential 

industrial or agricultural savings could be made by 
identification of features that incur -energy penalty- and 
this is an exciting area for recombinant DNA. This organism 
to organism transfer of the E. coli GDH gene should 
25 substantially decrease in enzyme activity thus a plasmid with 

a high copy number was used. 

In 1988, the escpression of e. coli glutamate 
dehydrogenase in cyanobacterium was reported in £laat 

^° Mo l ecu l ar Biol o gy , volume II. pages 335-344. Cyanobacterium 

that lacked glutamate dehydrogen9se were transformed with the 
gdhA gene of E. coli and levels of NADP-specific glutamate 
dehydrogenase activity resulted in the transformed 
microorganism. The authors speculate that it would be 

35 interesting to investigate the engineering of glutamate 
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dehydrogenase activity to higher plants and to study in 
detail the possible roles for Glutajnate dehydrogenase 
activity in ajranonium detoxification. 

Although there was some speculation on nitrogen 
assimilation genes in higher plants, in a paper on nitrogen 
assimilatory genes in The Generic Manipularinn o f Planfc j ^^y^^ 
i ts App l icat i on — to Agriculture, at page 109, the authors 
state that it would be tempting to suggest that crop plants 
might show increased metabolic efficiency if ammonium 
assimilation wais channeled through glut amate dehydrogenase. 
But the authors clearly list the nundDer of technological 
barriers to this. There remained a nuirJber of barriers to 
this reseairch including the potential negative consequences 
of uncontrolled expression in the plant. The authors 
reluctantly conclude -perhaps* there may be some benefit in 
replacing glutamate synthase, with ammonium - utilizing 
alternatives.'^ 

^" Mo l ecu l ar and General Genetric^s in 1993 in volume 
236, pages 315-325, the modulation of glutamine synthetase 
gene expression in tobacco was reported. An alfalfa gene was 
placed in the tobacco plant cells in the sense and antisense 
position. Partial inhibitation in the antiisense position was 
seen without a true homoiogoiis gene. 

In 1394, it was reported that increasing the activity 
of plant nitrogen metabolism enzymes may alter plant growth, 
development and composition. Increased yield and protein 
content as well as reduced levels of nitrogen in agricultural 
runoff water and food may result. Plant nitrogen metabolism 
has been altered by transformation with a highly active 
assimilatory bacterial glutamate dehydrogenase gene, plant 
glutamate dehydrogenase is less active in ammonium gene has 
been altered by PCR ani PCR strand overlap exchange to modify 
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coding regii^n and allow high levels of expression in plcmt 
cells. The 5' non-coding region has been altered to increase 
translation and perrnit protein targeting to either cytosol or 
chloroplasts . The 3' non-coding region has been altered to 
stabilize the mRNA and ensure appropriate polyadenylat ion of 
the mRNA. Certain codons likely to inhibit egression to 
high levels in plant cells have been altered. The effects of 
the various sequence substitutions on gene expression in 
plant cells compared to the unmodified gene will be reported. 
This abstract is reporting on. speculation of the researchers 
as the abstract clearly reference what may happen or codons 
that are likely to inhibit. The abstract appears to provide 
a guess as to what might happen, not something that has been 
done. 

Althpugh researchers speculated that th^ gdhA gene may 
be useful in higher plants, the drawbacks and possible 
disruption of the photosynthesis pathway lead researchers to 
the belief that the potential use was probably not possible 
due to technical barriers. Even the inventor was only 
speculating on the potential of the gdhA gene to avoid 
ammonia toxif ication. 

There remains a need to transform cereals to determine 
if the gdhA gene would have any effect on the plant in either 
nontoxifying levels or toxic levels of ammonia. The 
usefulness of the gene as a tolerance mechanism for certain 
herbicides was not proven prior to this. The combination of 
this gdhA gene with other selectable markers to increase 
plant resistance to herbicide damage was ; heretofore 
undiscovered. The ability of a plant to increase dry weight 
due to increased nitrogen uptake in even nontoxic levels of 
ajrmor.ia was not realized or considered until the present 
invention. 



2180736 



question remains if th supply of nitrogen is at a high level 
can. the conposition of prot ins, sugars/ starbh, cellulose, 
lipids and oils be modified by the addition of* the ^dhJI gen • 

The present invention clearly indicates tiiat the protein 
content in seeds, and leaves is altered; Although the gdhA 
g.ene inay have had some suggested potential to assimilat 
additional, nitrogen in. highly toxic nitrogen conditions, th 
gdhA genes result GDH enzyme has a weaker amnoniun affinity 
than the ATP. specific GS. . At lover annoniuni. concentrations 
ass^Kiilation by . GDH was expected to be limited due to its 
lover ammonium affinity and the reversibility of its reaction. 

Thus, it vas surprising and unexpected that the gdhA gene 
vhen in a plant produced, measurable: changes in the number of 
leaves, and protein , content of the leaves, and the seeds, the 
dry velght of thi^^^ plant eyen in . soils , having, normal ammonium 
^^y®^^* levels, the expectation would be that the GS 

/ GOGAT cycle vou Id be the active cycle., 

eUKMARy OF THE INVEWTIOH 

An object of this invention is to provide transformed 
plants containing the gdhA gene that evidences increased plant 
blomass. 

Another object of this invention is to provide 
transformed plants that increases leaf size. 

Still another object of this invention is to provide 
transformed corn plants thar are resistant to PPT which 
includes phosphinothricin and glufosinate herbicides and the 
acid and salt derivatives and may extend to organophosphorus 
amino acid herbicides such as Bialaphos. 
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Yet a different object of this invention is to provide 
a corn plant with dual gene resistance to PPT in the GS and 
the GDH pathways. 

Furthermore, an object of the present invention is to 
provide altered plant growth and yield in seed crops 
including sunflower, corn,' soybeans and canola (bfassica). 

Additionally, the object of the present invention is to 
provide a gdhA transforrr.ed corn plant that contains a gene 
that alters the composition of the makeup of the corn seed. 

• Broadly; then the present invention includes a method 
of improving crop growth by ap^plying to a field containing a 
crcp, which are phosphinothricin resistant due to having an 
expressable transgeh^ encoding for phoisphinothricin resistant 
glutamate dehygrbdenase enzyme, a sufficient ajnount of a 
phosphinothricin class herbicide to control undesirable 
vegetation without significantly affecting crop growth. 

This method includes a gene which is mutagenized, and a 
gene which is a modified bacterial gene. The gene can 
contain the Kozac consensus sequence in a particular 
embodiment. This method, of course, can include instances 
where the phosphinothricin class herbicide is combined with a 
second herbicide and then applied to the transformed crop. 



The method includes transformed crops which are 
selected from the group consisting of corn, cotton,! brassica. 
30 sdybeans. wheat or rice. Some of these crops are naturally 

resistant and the addition of the gdhA allows additional 
heartiness during herbicide application. 

This invention is not just about the method described 
35 about. This invention also includes within its broad scope. 
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Transgenic plant cells, and progeny having expression 
cassettes with a . transcription, .initiation region functional 
in Che plant cells., a DNA sequence : that encodes for the GDH 
enzyme in said plant cells, and a transcription termination 
region functional in the plant cells. The expression 
cassette then imparts to the plant a detectable level of 
herbicide resistance to the phosphinothricin class of 
herbicides. 

In the cells at least one of the transcription region 
or the termination region is not naturally associated with 
the gdhA. sequence. . The. invention encompass these cells 
wherein the sequence is from a bacterial gene preferably from 
coJi. In some embodiments these cells, including a 
sequence from the bacterial gene> are modified to enhance 
expression in plant cells. The cells, plants and progeny 
include a DNA sequence t-hat encodes the amino acid sequence 
shown in Figure 3.. 

To. enhance amino acid production, the cells can include 
chloroplast transient peptide under sequences adapted to 
target the chloroplasts . In other embodiments, cells have a 
transcription initiation region which constitutive in action 
or can be organ or tissue specific. 

The present invention includes cell culture of cells 
that contain a marker gene that is capable of growth in a 
culture medium which includes a herbicide which is in the 
phosphinothricin class.- Additionally, the present invention 
includes a cell culture of cells having a gene resistant to 
the PPT and a marker gene that is capable of growth in a 
culture medium which includes a herbicide which is not a 
phosphinothricin class herbicide. The herbicide includes 
bialaphos and Ignite^. 

8 
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A transgenic plant originally fonned from nontransgenic 
plants and progeny, thereof which contains an expression 
cassette having a transcription initiation region functional 
an the plant cell, a genetically engineered DNA sequence that 
5 is capable cf encoding for the GDH enzyn^e in the plant cells 

wherein the plant evidences detectable alteration in GDH 
activity when compared to the nontransgehid plants like that 
from which the transgenic plant was forlrtedV The alteration 
m GDH activity could be increased activity or decreased 
10 activity. The transgenic plant can be a dicot or a monocot 

Of particular interest are transgenic Zea mays plants 
Alternatively, the transgenic plant can be selected from a 
group consisting of brasses, cotton, soybeans, and tobacco 
The change in the nitrogen assimilation pathway allows other 
l5i parts of the plant to be altered. 

Thus, a transgenic plant that plant forms seeds and has 
genetically engineered D.NA sequences that alters the oil 
content of the seed of the plant anr evidences altered GDH 
actavxty when compared to a transgenic plant containing only 
the oil altering DNA. sequence. 



The invention covers a transformed com plant 
containing a bacterial glutamate dehydrogenase gene 
25 Additionally, this plant- can contain a second gene that wa. 

introduced into the plant or its ancestors by genetic 
engineering that is resistant to ppt. 

, ■'''^ invention broadly covers a recombinant plasmid 
characteristic in that the recombinant plasmid contains a 
constitutive promoter, a chloropiast transit peptide and the 
bacterial gdhA gene and a transcriptional termination region 
A biologically pure culture of a bacterium characterized in 
Plalir """^^'^ transformed with the reconO^inant 
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FIG, 



BRIBF DB8CRIPTZON OF THB DAANZNOS 

shows the DNA sequence of the gdhA of £. coli. 



FIG. 2 shows the forward primer at 5- and the reverse 
primer at 3- of the non-coding region of the gdhA 
gene. Saci and Xbal restriction enzyme sites are 
indicated as is the sequence modification to 
introduce Kozac's consensus sequence (double 
underline). The bold portion was eliminated as an 
in RNA destabilizing sequence. 



FIG. 3 



shows the amino acid sequence of E. coli gdh enzyme 
expressed in both the tobacco and corn. 



FIG. 4 shows a linear map of the plasmid vector pBH21:GDHl 
developed in Example I. The plasmid has the uidA 
gene removed and the ^dhA gene inserted. 

FIG. 5 shows a circular map of the plasmid vector pUBGPl 
used in the examples as starting material and a 
control for plasmids useful in Zea mays. 

FIG. 6A shows the DNA sequence of the mutagenized gdhA gene 
for plant expression (tobacco and corn). 

FIG. 6B shows the DNA sequence including the SphI of the 
mutagenized gdhA gene for plant expression (tobacco 
and corn) . 

FIG. 7A shows the mutagenized gdhA gene with the added 
restriction sites for use in Zea mays. 

FIG. 7B shows a linear plasmid map of pBl 121 : ;SSU: :GDH1 . 
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FIG. 8 shows , th . 3/. EcoRI SphI adapter betw en nosT and 
plasmid for corn transforTnation. 

FIG. 9 shows a circular map of the plasmid pUBGDHl wherein 
UD is ubiqulcin. 

FIG. 10 shows a circular map of the plasmid vector pUEGDHI 
with the pre SS unit. 

FIG. 11 shows the methylammonium uptake of tobacco 
transf ormants . 

OETAILBO CBSCRIPTION OP THE INVBKTION 

The present invention relates to. methods of producing 
transgenic plants containing the gdhA gene. The term 
transgenic plant refers to plants haying exogenous genetic 
se<juences which are introduced into ^he genome of a plant by 
a transformation method and the progeny thereof. 

Trans fonnat ion Methods - are means for integrating new 
genetic coding sequences by the incorporation of these 
sequences into a plant of new genetic sequences through man 
assistance. 

Though there are a large number of known methods to 
transform plants, certain types of plants are more amenable 
to transformation than are others. Tobacco is a readily 
transfonnable plant. The basic steps of transforming plants 
are known in the art. These steps ate concisely outlined in 
U.S. patent number 5.484,956 -Fertile Transgenic Zea mays 
Plants Comprising Heterologous DNA Encoding Bacillus 
Thuringiensis Endotoxin- issued January 16. 1996 and u S 
patent number 5.489.520 -Process of Producing Fertile Zea 
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mays Plants and Progeny Comprising a Gene Encoding 
Phosphinothricin Acetyl Transferase* issued February 6. 1996 
■ 1. Plant' Lines 

Plant cells such as maize " can be transfcmed by a 
nujnber of different techniques. Some of these techniques 
which have been reported on and are known in the art include 
maize pollen transformation (See University of Toledo 1993 
U.S. Pateht No. 5.177,010); Biolistic gun technology (Se 
U.S. patent number 5.4i94.956); Whiskers technology (See U.S. 
patent nuihbers 5.464.765 and 5.302.523); Electroporation; 
Agrobacteriiun (See 199(5 article on transforroation of maize 
cells in Na t u r e B i Qt echnni ogy . volume 14. jGne 1996) along 
with numerous other methods which may have slightly lower 
efficiency rates then those listed. Some of these methods 
require specific types of cells and other methods can be 
practiced on any number of cell types. 



The use of pollen, cotyledons, meristems and ovum as 
..^t^^^^. J^^^*"^",^*® need for extensive tissue 

20 culture wdr)c. However, the present state of "the technology 

does not provide very efficient use of this material. 

Generally, cells derived from meristematic tissue are 
useful. Zygotic embryos can also be used. Additionally, the 
method of transformation of meristematic cells of cereal is 
also taught in the PCT application W096/C4392. Any of the 
various cell lines, tissues, plants and plant parts can and 
have been transformed by thioise having )cnowledge in the art. 
Methods of preparing callus from various planes are well 
)inown in the art and specific methods are detailed in patents 
and references used by those s)cilled In the, art. 

Cultures can be initiated from most of the above 
identified tissue. The material used herein was zygotic 
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enibryos. The embryos are harvested and then either 
tranr.formed or placed in media. psinotic cell treatments inay 
be given to enhance partic)* penetration, cell survival, etc. 

5 . "J^e only true requirement of the transformed material 

is that it can form a fertile transformed plant. This gene 
can be used to trar.sfona a number of plants both monocots and 
dicots. The plants that are produced as field crops are 
particularly useful. These crops include cotton, corn. 
^0 soybeans, sorjhum. brass ica. sunflower and some vegetables. 

The gdhA ger.e can come from various non-plant genes (such as; 
bacteria, yeasc, animals, Virjses) . Tha gdhA gene can also 
come fror» plant gene. The gene insert used herein was either 
an E. coli glutamate dchYdrogenase gene or a routagenized 
15 version ther'eof. 

The DNA used for transformation of these plants clearly 
may be cifeiilar. linear, double or single stranded. Usually, 
the tiNX is in the fonr. of a plasmid. The plasmid usually 
20 contains regulatory and/or targeting sequences! which assists 

the ej<prejBsioh of the gene in the plant. The methods of 
forming plasmids for transformation are known in the art. 
Plasmid cborq^onents can include such items as: leader 
sequences, transit poiypeptides. proj?ioters. terminators. 
25 genes, ihtrbns. marker genes, etc. The structures of the 

gene orientations ca.r b^ seitse. ar.tisense. partial antisense. 
or partial sense: multiple gene copies can be used. 

The ydh^ gene can be useful to change or alter the 
30 nitrogen assimilation pathway or to assist in the 

identification a.nd/or heartiness of transformed material in 
the presence of herbicide. Clearly, the bar gene from 
^trejjtooycin hygroscopicus which encodes phosphinothricin 
acetv'l transferase is resistance to phosphinothricin. and 
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bialaphoE herbicid s (se U.S. patent 5.484,956, Table 1). 
Thus, this gene is useful as a selectabl marker gene. 

Surprisingly, the present gene is tolerant to some 
levels of phosphinothri'-in and bialaphos though in th 
constructs tested, the present gene jr^y evidence slightly 
more susceptibility to herbicide da.-nage at high herbicide 
concentration then plants transformed with the bar and pat 
genes. Hov/ever, when the gdhA gene is combined with the PAT 
and/or bar gene, the transformed cells and/or plants have 
increased regenerability and heartiness after herbicide 
selection. 

The . regrulatory promoters eir.ployed in the present 
*5 invention can be constitutive such as CaMv35S for dicots and 

polyubiquitin for, monocqts or tissue specific promoters such 
as CA3 promoters, et.c. The prior art promoter, include but is 
not li.xited to octopine synthase, nopaline synthase, CaMvlSS, 

mannopine synthase. These regulatory sequences can be 

20 combined with introns, terininators, enhancers, leader 

seque.-;ces and the like in the material used for 
transformation. 

The isolated DNA is then transformed into the plant. 
25 Many dicots can easily be transfonned with Agrobacterium. 

Some n^.onqccts. are m.:>re difficult to transform. As previously 
noted, there are a number of usefu? transformation processes. 
The improvements in t rans forma tio.^ techiiolpgy are beginning 
^^{^^^^^^ ^^^..^-.r^ to regenerate plants from cells. Since 
1986, the transformation . of pollen has been published and 
recently the transforma on of plant meristems have been 
published. The transformation of ovum, pollen, and seedlings 
meriscem greatly reduce the difficulties associated with cell 
regeneration of different plants or genotypes within a plant 
3 5 can present. 
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The most common ir.ethod of trahsf ormat ion lis referred to 
as gxinning or microproject ile bombardiheht . This biolistic 
process has small gold coated particles coated with DNA shot 
into the transformable material. Techniques for gunning DNA 
into cells, tissue, callus, embryos, and the like are well 
known in the prior art. 

After the- transformation of the plant material is 
complete, the next step is identifying the cells or material 
which has been transformed. In some cases, a screenable 
marker is employed such as the beta-glueuronidase gene of the 
uidA locus of r. coJi. Thus, the cells expressing the 
colored protein are selected for either regeneration or 
further use. In many cases, the transfonned material is 
identified by a selectable marker. The putatively 

transformed material is exposed to a toxic agent at varying 
concentrations. The cells which are not transformed with the 
selectable marker that providfes resistance to this toxic 
agent, die. Cells or tissues cohtaining the resistant 
selectable marker generally proliferate. It has been noted 
that although selectable markers protect the cells from some 
of the toxic affects of the herbicide or antibiotic, the 
cells may still be slightly effected by the toxic agent by 
having slower growth rates. The present invention is useful 
as a selectable marker for identifying transformed materials 
in the presence of the herbicide phosiphinothricin. In fact, 
when combined with the PAT or bar gexie which is known to give 
resistance to phosphihothricin, the cells or plants after 
exposure to the herbicide often evidences increased growth by 
weight and appear more vigorous and healthy. 

If the transformed material was cell lines then these 
lines are regenerated into plants. the cell's lin' are 
treated to induce tissue differentiation. Methoas of 
regeneration of cellular material are well known in the art 
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since early 1982. T^e. plants from either the transformation 
process or the regeneration process are transgenic pleuits. 

The following non>liiniting examples are shovm to mor 
particularly describe the present invention. 

The DMA sequence of the adhA gene of Eai±£richia_ciaU 
which encodes a 447 amino acid polypeptide subunit of nadp- 
specific glutamate dehydrogenase was presented in 1982 in 
Nucleic Acids Research, Volume II, Number 15, 1983. Th 
present examples^ will illustrate the gdhA gene transformed 
into- both dicot and: monocot - plants'. 

ExamiSl*^ T 

Fertile transgenic tcbacco plants containing an isolated gdhA 
gene was prepared as follows: 

^' The tohflCCQ tissue for rransfoTTnAH on was in^^ia^«>/^ 

20 maanxaliifid. 

Seed from Nicotx^a tabaciim var. Petite Havana were 
surface sterilized and germinated on MSO medium 
(Muiashige and Skoog 1962). Two weeks after 

germination, leaves were excised and used in 
25 transformation experiments. 

B. Format ion of the pjasnn't^ - 

A bacterial glutamate dehydrogenase {gdhA) gene, shown 
in Fig. 1, derived from e. coli. was altered for 
expression in plajnt. cells by polymerase chain reaction. 

5' non-coding . region- was modified by the 
introduction of an Xbal restriction enzyme site. 
Kozac^s consensus sequence (Lutcke et. al . 19f7) was 
also added to the 5* region to allow high levels of 
expression in plant cells. The 3- non-coding region 
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was altered to .stabilize the mWNA and ensure 
appropriate 'polyadenylatibh an^ a Sad restriction site 
was added. These primer sequences, shown in Fig. 2, 
are the introduction bf the restriction sites and the 
Kozac's consensus sequence along with the destabilizing 
portions. The amino acid sequence of the gdhA gene was 
retained. PCR was carried out in an automated thermal 
cycler (MJ Research; St. Louis, MO) for 25 cycles (each 
cycle consisting of 1 min. at 92« C. 1 min. at 60" C and 
3 pin. at 72" C> . Reactions contained 200 ng of pBGl 
(Mattaj et. al. 1981) , 0.9, mM). MgCL,, dNTPs, 1 unit of 
Tag polymerase {Promega, Madison. WI) and 1 nM of each 
primer. The P?:R. products were gel purified and DNA 
bands recovered from agarose gels using GeneClean 
(BiolOl. Hercules. ^ CA). xbal and Sad were used with 
the band which was digested. This process provided 
single strand complementary end for ligation into a 
vector . _ , . ; . . 

The vSdA gene from pBI121.1 (pB1121 plasmid is 
commercially available from Clontech Laboratories. Palo 
Alto, CA), (Jefferson. 1987) was removed by restriction 
digest with Xbal and SacI and the gel eluted PCR 
products were ligated into the resulting 9. 7kb fragment 
of PBI121.1. The amino acid sequence of the GDH enzyme 
produced by the gdhA gene is shown in Fig. 3. The 
plasmids were then trani^formed into competent E. cold 
cells (ToplO invitrogen. sdh Diego. CA) via 
electroporation. Colbny hybridization was used to 
detect colonies with the modified gdhA inserts (Fig. 
3). Plasmids from the hybridizing colonies were used 
to transform competent Agrobacterium tumefaciens 
(SambrooJc et. al. 1989) strains LBA4 404 (Hooykas 1981) 
and EHAlOl (Nester 1984). 



17 



2I8078G 



jPlant Transformation. 

Nicotiana tabacum var. Petite Havana leaf discs from in 
vitro grown seedlings were transformed with the A. 
tumefaciens constructs.. using standard tobacco 
transformation procedures (Horsch et . al. 1988} with 
the following modification. Transformed shoots were 
selected on 300 pg/ml kanamycin. Shoots were excised 
and rooted in a sterile peat-based medium in GA7 
vessels (Kagenta Corp. Chicago. IL) . The vessel lids 
were gradually removed (over 7-10 days) to acclimatize 
the plant lets to laboratory conditions before placement 
in the greenhouse • 

Confirmation of Trans format ion with adhA r;i:>nf> . 

TO show that the tobacco has acquired the gdhA gene the 
specific activity of GDH was quantified by measuring 
the rate of oxidation of ^ NADPH due to 2-oxoglutamate 
reductive amination. This enzyme assay was performed 
on cell free extracts. 



1- Cell Free Kxtrarr Pr€>parariQn 

Leaf tissue (l-2g5 was placed in 5 volumes of ice- 
cold buffer (200 mM Tris-HCL pH8.0, 14 mM) . 

2- Mercaptcethanol. lO mM L-cysteine, 0.5 rm 
pheny Ime thy 1 sulphonyl f luroide, 0.5% (v/v) Triton 
x-100) [23). Tissue was homogenized by Polytron 
(Tekmar, Cincinnati. OH) 4 times for 12 seconds 
each and was . returned to an ice bath for 12 
seconds between each grind. The slurry was 
centrifuged at 10,000g for 25 minutes and the 
supernatant was used for enzyme assays. E, coli 
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extracts were prepared as in Mountain et. al., 
1985 C321. This publication is hereby 

incorporated by reference- All steps were carried 
out at 4* C. 

Gel Analysis and GDH Activity .q taimng 

Regenerants were qualitatively tested for 
deaininating NADP-dependent GDH activity following 
gel electrophoresis of crude protein extracts 
after Light foot et . al., 19*88. Electrophoresis of 
other protefn extracts is known to those skilled 
in the art. Proteins were separated on a non- 
denaturing gel . containing 5% polyacrylamide by 
elect rbphoriesis for 2 hr at 120 V. NADP- specific 
GDH enzyme activity was visualized as a band in 
the gel by L-glutamate and NADP- dependent 
tetrazoliujn staining of GDH isozymes (50 mM Tris 
pH 9.3/ 8 mg/ml glutamate, 0.04 mg/ml NADP, C.04 
mg/ml MTT/ 0.04 mg/ml phenazine monosulphate and 
0.08 mg/ml CaCl,). 

Enzyme .aiaayfi 

The specific activity of aminating NADPH- dependent 
GDH in cell free extracts was cjuantified by 
measuring the rate of oxidation of NADPH 
attributable to the reductive amination of 2- 
oxoglutarate. The reaction mixture initially 
consisted of 0.1 M Tris pH 8.5. 0.2M 2-a- 
ketoglutarate.^ ..0 MM CaCl,, 0.2 mM NADPH, 200mM 
^^immonium chloride and 50mM glutamine. The rate of 
change in absorption was measured at 340 nm for 
1.5 mins before and 1.5 mins after the addition of 
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the 20inM or 200 mM airnncnium chloride. Glutamine 
was then added to 5xnM and the absorbance measured 
for a further 1.5 mins. Assays were performed at 
25«C. 

Glutamine synthetase activity was measored 
spectrophoto metrically by incubating the crude 
extract in a reaction mixture for 10 minutes by 
the transferase assay as taught in. the art (see 
Cullinore J.V, Plants 150.1 9 2-396. IQfln i . The 
OD,„ was measured, 1 pM y-glutamyl hydroxamate has 
an 0D„, of 0.4. 

Glutamate concentration determination 

Glutamate and glutamine concentrations were 
determined after separation on Dowex-l-acetate. 
Quantitation was by the ninhydrin 

spectrophotometric assay. 

Tab l e 1 ; — Ch aracteristics of Transgenic p■lan^5 



Explants 



Antibiotic 
Resistant* 



Number of T.-in^s 



GDH*^ 



EHA101/gd/3A 
LBA4404/gdhA 



30 
30 



17 
2 



12 
2 



a = Resistant to 300 iig/ml Kanamycin® in an seedling 
assay. 
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10 



15 



b= Positive bands after electrophoresis of crude extract 
on 5% polyacrvlamide gel followed by NADP- dependent 
tetrazolium staining of GDH isozymes. 

Example TT 

The original plant transforx^ation vector pBll2Kl was 

. ..od.f.ed .n Example I to contain the gene. m tMs 

example, the vector was unchanged and pBI121.1 containing 

Tntt T "f" " ^ ^ ^'^"'"'^ "^^^^ transformed 

^nto E. coJj cells (ToplO Invitrogen. San Diego, CA) via 

electroporation. colony hybridization was used to detect 
colon.es With plas.ids containing uidA gene. Plasn,ids from 
the hybr.d.zing colonies, were analyzed, by single and double 
restriction digestions. Plasmids with the correct physical 
map were used to transform competent Agrobacterium 
tmnefaciens strains LBA4404 and EHAlOl. 

Plant Tran«!f»^3^|-^p 

Nicotiana tabacun, var. Petite Havana leaf discs from in 
vatro grown seedlings were- transformed with the A 
tu^efacaens constructs using standard tobacco transformation 
procedures as .n the earlier example with the following 
^.od.facataon. Transformed shoots were selected on 3 00 ,g/„i 
^anamycan Shoots were excised and rooted in a sterile pLt- 
based medaum in GA7 vessels (Magenta Corp. Chicago. IL) rL 
vessel l.ds were gradually removed (over 7-!o days, To 
accmatize the plantlets to laboratory conditions'^^^ore 
30 Placement an the greenhouse. The R. plants were allowed " 

flower and self fertilize to produce the R. seed r. ! 
were collected from individual plants and stored at 4' c 
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Table 2; Characreri stirs of in'rfA 

Explants Antibiotic 
Stra i n/G finfi Inc^iul ar^d Resistant* gdh**' 

LBA4 4 04 /uidA 15 2 0 

EHAlOl/uidA 15 4 o 



a = Resistant to 300 pg/ml Kanamycin® in an R, seedling 
assay* 

b = Positive bands after electrophoresis of crude extract 
on 5% polyacryl amide gel followed by NADP- dependent 
tetrazolium staining of GDH isozymes. 

Disi: ission of Kxamnles T and TT . 

A non denaturing polyacrylamide gel containing bands 
produced from NADP-dependent staining of crude extracts of E. 
coli, gdhA transformed lines and one uidA line was performed 
and read. As expected, the uidA transformed line did not 
produce bands when stained with NADP* as the oxidant. 
Fourteen of the 19 antibiotic resistant gdhA transformant s 
showed GDH activity as did the E, coli. 
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Tab! ft 1 

specific activity of NADPH- dependent GDH and ATP 
dependent GS in cell-free extracts of transgenic tobacco 
leaves. 



Tobacco 
Line 


Transforming 
Gene 


GDH Activity 
NADPH 
Oxidation 
iiM/inaVmiji 


GS activity 
nM/nK!/rnin 


2A 


gdhA 


2046 


38 


8, 


gdhA 


1600 


71 


9. 


gdhA 


1063 


85 


7B 


uidA 


. 0 


85 


E. col 2 


gdhA 


215 


59 



• = Specific activity per ing of soluble protein. 

E n z yme . Spprifir ftr t i v i rv of F vAmr^io^ j f^nr i tt 

High specific activities of GDH in gdhA transfonned R 
tobacco leaves were observed. The gdhA transformed tobacco 
lanes produced up to 10 times more activity than gdhA in E 
con. NADP-specific GDH activity was. not detectable in the 
uidA transformed tobacco lines. 

GS activity was somewhat reduced in leaves of plant 
lines where the GDH activity was more than about 1100 nM/mg 
protein/min. The GDH activity was about 15-50 fold greater 
than the GS activity in the cell free extracts with 
saturating substrate concentrations. The GDH activity was 
not greatly reduced in assays containing 20 mM ammonium (data 
not shown) close to physiological NH. concentrations 
Therefore. gdhA transformed plants may be assimilating 
ammonium at a rate equivalent to, or better than. GS 
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The cpecific activity of GDH in cell free extracts show 
gdhA gene in plants at 5-10 times the E. coli gdhA activity. 
This was surprising as there was initially some question as 
to whether the* bacterial gene would express well in the plant 
genome • . The gdhA gene in plants have a GDH activity that is 
15-50 times greater than the GS activity. Increased ammonium 
assimilation is apparently provided by GDH activity if 
substrate concentrations are not limiting. 

Ammonium assimilation by GDH is energetically favorabl 
compared to GS since there is a net saving of one ATP. in 
addition, the higher specific activity of GDH might requir 
the synthesis of 10 fold fewer enzyme molebules per mole of 
ammonium assimilated. 

Examnl^ TTT 

Fertile transgenic tobacco containing gdhA gene and 
chloroplast transit peptides: 

The plasmid constructed in Example 1 (shown in 
Fig. 4) does not target the gdhA gene to the area 
of tissue, that it is presumed' to be most helpful. 
The chloroplasts of the plant tissue is targeting 
in the present example. The pBI12I gdhA plasmid 
was modified to allow fusion with cleavable 
preprotein sequences (often referred to as 
chloroplast transit peptide sequences) from 
RUBISCO SSU (rbcS) by introduction of the SphI 
site. 

PCR amplification of gdhA f rom pBI121 : :GDH1 using the 
mutagenic primer. 
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10 



15 



20 



Primer SPHGDH5 . 

• GGT TTT ATA TgC ATg CAT CAg ACA TAT TC 

5' Sphi adapter for igation of gdhA with 
chloroplast targeting pre-peptide encoding 
sequences. 

And the addition of the specific primer HUGDH3 {shown 
in Fig. 6B) was completed. The amplified 1.3 kbp fragment 
was subject to restriction^ digestion with Sphi and Sacl 
Digestion of peil21 with Smal and Sad allowed recovery of 
the vector minus GOS (uidA) as a 9.6 kbp fragment. pcr 
amplification from the plasmid pPSR6 (Cashmore et . al . . 1983) 
and restriction digestion aUowed recovery of the preprotein 
encoding sequence as a 0.2 kbp fragment Smal to Sphi 
fragment. The 9.6 kbp EBn21 fragment was ligated with the 
1.3 kbp fragment from pBn21 .- .-CDHl and the 0.2 kbp fragment 
from pPRS.6,.tQ give. pBI121::SSU::GDHl (shown in Fig. 7) which 
was amplified in E. co2i DH5. 

Result.'? of FvaTT>pi«>^ 
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The transformed tobacco plants. leaves and seed 
Examples I and II. were analyzed for percentage of nitrogen 
protean and crude fat with the following result: 
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Tobacco T.gaf Ar^flTYi'if'i 







O 


l_FroteiD 


uidA 
gdhA 


transformed 


6.98 


43.6 


transformed 


8.01 


50.0 



25 



1^807 88 



Tobacco Seed Analyaia 






\ ProielD 


trudn Fat 


uidA 


4.2 


26.5 


36.8 


transformed 








gdtiA 


3.56 


22.0 


35.07 


transformed 








non t r ans f ormed 


3.98 


25.0 


38.5 



Th" leaf analysis shows a 1% nitrogen increase and a 6% 
5 increase in protein in the gdhA tr2knsf ormed plant; The seed 

analysis appears to indicate that the gdhA gene may be 
altering the accumulation of nitrogen, protein and crude fat 
in the: tobacco seed. 

10 FvAmT^li^ TV 

Ammonium Toxirity 

The transformed tobacco seeds of the previous examples 
were used in an ammonium toxicity study. Ammonium toxicity 

15 was measured by gexTninating transformed tobacco seed on agar 

solidified MS media while excluding all nitrogen sources 
except ammonium chloride. The medium was supplemented with 
10, 30, 50, 70 or 100 mM ammonium chloride but no nitrates. 
The seedlings were grown either with or without 30 mg/1 

10 sucrose. Ten to fifteen seeds were initiated per plat 

with four replications per concentration. Fresh and dry 
weights of 10 seedlings per plate were measured after six 
weeks on these media. Table 5 shows these results. 
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Increased resistance to ammonium chloride is partial as 
the GDH activity would affect primarily the nitrogen 
assimilation rate. Increased resistance to ammonium chloride 
is evident by the increase in fresh and dry weight 
accumulated by the gdhA transformed lines. 

Example Y 

field Traits of Tranfsqpnir Tobacco 

The transformed tobacco was planted in a field and 
fertilized with 150 lb. per acre of ammonium nitrate. The 
following data on the field traits was collected. 

Mean field traits of transgenic tobacco fertilized with 
150 lb. per acre anononium nitrate. 





NADPH-GDH 


Dry 


Nitrogen 






Leaf 


Plant 


Activity 


Weight 


Content . 


Height 


Leaf 


Length 


Line 


(nM/rog/min) 


(g) 


(%) 


(cm) 


Iluinber 


(cm) 


91 


1063 


430 


4.18 


41.9 


16.9 


25.4 


2A 


2046 


356 


4.14 


37.7 


14.2 


23.3 


7B 


0 


288* 


4.14 


41.2 


13.6 


23.3 


BAR 


0 


154 


4.16 


36.4 


12.9 


22.8 


LSD 




193 


0.08 


2.2 


1.2 


0.7 



(0.05) 



7B = uidA gene 

2 A s gdhA gene 

91 = gdhA gene 

BAR = Bar gene 
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If the control is the uicM gene in the tranafoxmed 
tobacco plants then the significant differences are in the 
lear nu:nber and the leaf length between the 91 line and th 
7B lane. The Bar data across the chart, with the sole 
exception of the nitrogen content, is lower then the 7B line 

It as within the LSD. if Bar is used as the control, dry 
weaght and plant height (yield) is also significantly greater 
for Line 91. ^*»ter 

CQnsrrurrion of P]f >« ^Tn1f1>^ to rran^ff.r r r oii n^n. 

The pBn21::GDH plasmd (shown in Fig. 4) was not 
particularly suitable for use in Zea ;nays. Thus, the plasmid 
PUBGPI /shown in Tig. 5) which is a vector suitable for 
transformation of Zea jnays and foreign gene expression was 
employed. 

The modified r. coJi gdhA gene (shown in Fig. 6) was 
readaly transferred to pUBGPl to replace the GUS luidA) gene 
by restriction digestion, gel purification of appropriate 
frag^nents and ligation as follows. Digestion of pBI121. .GDH 
(shown in Fig. 4) with Xbal and EcoRi allowed recovery of 
pcr^::nosT as a 1.6 kbp fragment. Ligation with EcoRI Xbal 
digested puci8 produced the plasmid pOCGDHl which was 
amplified in E. coli DH5 . Digestion of pUCGDHl with PstI az.d 
EcoRIl allowed recovery of the gc2hA::nosT as a 1 6 kbp 
fragment. This mutagenized gdhA gene with the added linker 
restriction sites is shown in Fig. 7. Digestion of pUBGPl 
vath Ncol and Sphl allowed recovery of the vector minus 
GUS::nosT as the 1.0 and 5.6 kbp fragments. Digestion oi the 
1.0 kbp fragment with Pstl removed one Ncol site (and an 
inappropriate ATG codon) . The 1.0 and 5.6 kbp pUBC-i 
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fragments were ligated with the 1.6 kbp fragment from 
pBI121::GDHl and an EcoRI/SphI adapter (shpwn in Fig, 8). 

The 3' EcoRI SphI adapter is between nosT and the 
plasmid for corn trans format i on • This gives pUBGDHl (shown 
in Fig. 9) which was amplified in E. co2i DH5. 

The plasmid pUBGDHl (shown in Fig- 9) was purified as 
DNA from E, coli, and Ipg were used for transformation of Zea 
mays inbred line H99 by biolistics. 

Example VH 

f-oncsryur-tion of Plasmid to target the coll — odbA — tSi 

rhToronl asts in c6rn. 

Because the piBI 1 21 : :GDH plasmid was not suitable for 
Zea Tnays transformation or gene expression, another plasmid 
vector was used to achieve gdhA gene transfer and expression. 
The 1.8 kbp SmaZ to TcoRI fragment of pBI121 : : SSU: :GDH1 was 
isolated and ligated with an EcoRl/Smal adapter and Smal 
digested pUCl 8. This jproduced the plasmid pUCSSUGDHl which 
was amplified in E. coli DH5. Digestion of pUCSSUGDHl with 
Smal allowed recovery of the SSU: rgcfhA: :nosT as a 1.8 kbp 
fragment (Fig. 10). Digestion of pUBGPl with Ty^col and SphI 
allowed recovery of the vector minus GUS: :nosT as the 1.0 and 
5.6 kbp fragments. Digestion of the 1.0 kbp fragment with 
PstI removed the Ncdl site (and an inappropriate ATG codon) . 
The 1.0 and 5.6 kbp pUBGPI fragments were ligated with the 
1.8 kbp fragment from pUCSSUGDHl and an Pstl/ Smal adapter to 
give pUBSSUGDHl (Fig. 11) which was amplified in E. coJi DH5. 
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10 



15 



20 



25 



30 



The plasmid pUBSSUGDHl was purified as DNA from E 
con. and l^g can be used for transformation of the zea mays 
inbred lineby any method. 

£^1^ VIIT; MPrhml Of B i orh^ T nir ^ l ^alv... ».^ HTr1r 

Example's"''"'"^' °' Transformed Plants of the M>ove 

Herbicide Rf>g istance 

Phosphinothricin (pptj resistance was tested by 
initiating transformed leaf discs from greenhouse gro^ 

Ro Plants on MSO medium containing 1 mg/1 ba. 0.1 r^n kaa 

herJcL'^f V r ' supplemented with th^ 

herbicde Ignite™ at 0. o.l. i.o or 10.0 mg/1 active 
ingredient (a.i.) cs replications of i cm' discs In 
individual culture tubes per concentration,. Pour wee." 

Of riaf'i''"''"' '"''""^ ^^^^ Photographed and the volume 
Of leaf discs was measured. 

for helb'V ^"-^ormed Ro plants were also tested 

mldil ^ennination and growth on MSO 

ZTo 7T17 ^ -PPlemented 

w h 3' \\ '30 seeds per plate 

with 3 replications per • concentration) or 0. 1. 3, 10, 30 
mg/l as noted in the text rin»-,.^«-. 

^^^>, ,c V ^ Cultures were maintained at 25»C 

with 16 hours of light. Four weeks «f^«^ 

n • '^'-'ux weexs after germinaticin 

cultures were photographed. "nination. 
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Th gdhA transformed Ro plants were also tested for 
herbicide resistance by painting leaves with 0, 3, 9, 27 or 
81 ing/ml a-i. Ignite™ • Plants were maintained in the 
greertiouse. Four days after application chlorosis was scored. 

5 

AiTtmonimn Toxicity Resistance 

Resistance to ammonium toxicity in the absence of 
j^^trate was measured by germinating transformed tobacco seed 

10 on agar solidified MSO medium excluding nitrogen. The medium 

was supplemented with 10, 30, 50, 70 or 100 mM ammonium 
chloride and seedlings were grown either with or without 30 
wg/1 sucrose. Ten to 15 seed were initiated per plate with 4 
replications per concentration. Fresh and dry weights of 10 

15 seedlings per plate were measured after 6 weeks on these 

media. Statistical analyses of these data were performed 
using SAS (SAS Institute Inc. Gary. NO . 

The gdhA transformed R© plants were also tested for 
20 ammonium resistance by painting leaves with 100, 300, 500, 

700 or 1000 mM ammonium chloride. Plants were maintained in 
the greenhouse. Four days after application chlorosis was 
scored. 
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Mean growth traits of transgenic corn in the greenhouse, 



Plant 
Line 



LL8 
LL2 
DLl 
DL2 

LSD (0.05) 



LL8 = 
LL2 s= 
DLl = 
DL2 = 



gdhA transfomvant of corn 
gdhA trans formant of corn 
uidA trans formann of corn 
vidA transformant of corn 



transformant 



NAr>PH-GDH 
Activity 
(nM/mg/min) 


Fresh 
Weight 

(g) 


Nitrogen 
Content 
(%) 


Height 
(cm) 


100 


360 


4.18 


43.7 


200 


430 


4.16 


46.8 


0 


190 


4.14 


36.2 


0 


160 


4 . 14 


31.4 




160 


0.10 


5.2 



The height of the gdM .......ox^,: com is 

sagnaf.cantly different then the DLl and DL2 lines as are the 
fresh weights in gra:„s. However, the nitrogen content il 
sa^alar. «,e gene appears to be efficient in increasing 

the plant growth. ^ 
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Table B 



Glutamate and Glutamine concentration in tobacco and 
corn roots expressing gdhA. 



Plant 


NADPH-GDH 


Gluteunate 


Glutamine 


Line 


Activity 


Concent rat j on 


Concentration 




(nM/ntg/min) 


(uM/gfw) 


(mM; 


a. Tobacco 








BAR 


0 


1.0 


0.5 


2A 


2046 


1.4 


0.6 


b. Corn 








DLl 


0 


1.1 


0.8 


LLl 


800 


1.3 


0.9 


LSD (0.05) 




0.1 


0.1 



BAR = bar gene transformant of tobacco 

2A = gdhA gene transf orrnant of tobacco 

DLl s uidA gene transformant of corn 

LLl = gdhA gene transforrhant of corn 



In each case, the gdhA trans formants have increased th 
glutamate concentration in the plant roots significantly. 
The glutamine concentration also appears raised though not 
significantly. 
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Effect of concenitration of ammoniuin and genotype on 
fresh weight of gdhA and uidA transformed corn callus. No 
carbon source added. 



NH4^ Cone. LL2 {gdhA) LL8 IgdhA) DLl (uidA) 



lOmM 


22.2 


25.6 


23.1 


30 


29.3 


27.8 


16.0 


50 


15.8 


12.6 


8.5 


70 


9.9 


9.3 


7.7 


100 


8.3 


6.4 


6.2 



Clearly, the gdhA transformed lines have a greater 
fresh weight then does the vidA lines. This indicates the 
gdhA activity is increasing cell proliferation. 

Examnl** Ty 

1 • Uptake Experiments 

Seeds from gdhA transformed plants and seeds from uidA 
transformed plants were' germinated on MSO medium without 
nitrogen. The medium was supplemented with 4% w/v sucrose 
TWO weeks after germination, the nitrogen starved seedlings 
were used to test whether the gdhA transformed seedlings were 
capable of absorbing radiolabelled methyl ammonium at a 
greater rate than the uidA transformed control plants 
Fifteen seedlings were floated in the treatment solution 
(0.2mM CaCl,, 0.2 mM Mes pH 6.0. and 200 pM KCl) for 10 
minutes. Radiolabelled 14C-methylammonium was then added to 
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the treatment solution at a concentration of 1 mM. After 12, 
24* 36, 48 or 60 minutes the labeled solution was aspirated 
and replaced with nonlabeled solution. The wash solution was 
aspirated after 2 minutes and the seedlings were transferred 
to scintillation vials. The seedlings were ground in 1 ml of 
water for 2 min. with a polytron (Tekmar Cinn. OH) to break 
open the cells. 2 mis of scintillation fluid was added per 
vial. The radioactivity absorbed by each sample was counted 
using an LS6000 scintillation counter (Beckman. CA) with an 
open window • 

As indicated above in the previous example. the 
biochemical analysis of methylammonium uptake was tested. 
The transformed tobacco developed under the first couple of 
examples were employed in the uptake study. The results are 
shovm in. Fig. .11. The uptake of both the uidA and gdhA lines 
without liriM NH, was greatly enhanced in the time frame given. 

II. Herbicide Resistance 

A surprising aspect of the present gene in plant 
transformants is its tolerance to the herbicide 
phosphinothricin. The addition of the gdhA gene to either 
the PAT gene or the Bar gene apparently provides the plant 
with added resistance as shown by the plants' ability to 
continue to flourish and grow in increasing concentrations of 
herbicide. There are a number of commercially available 
herbicides that fit within the class of phosphinothricin 
herbicides. 

The tobacco transformants of gdhA and uidA do not carry 
either the bar nor the PAT gene. A control used for 
comparison was a tobacco transformant containing the Bar 
gene. In contrast, the corn transformants all contain the 
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PAT sene as th selectable „rker. Therefore th- 
transfor»ants show that "the ccnjblnatlon of phospwl,. 
resistant .enefs, such as in co^inatiorilfh " 

.ene provi.es plants with increased resistanc. to chlorosiT 

The tobacco transformants includinq the Bar 
tra^sfcr^nt were developed either in examples provided 
earner or by similar methods. The biochemical analysas was 
performed as indicated above. The results are as folW. 

recove'r^""''"" "' ""^ tobacco transonic plant lines 



Strain/Gene 

EHAlOl/gdhA 
t,BA4404 /gdhA 

EHAlOl/uicJA 
LBA4404/bar 



E^tplants 
Inoculajted 

3o" 

30 
15 

15 
15 



gdhA' 

IT 
2 
0 
0 
0 



PPT" 

To" 
1 

0 
0 
4 



. positive band., after electrophoresis of crude extract 
on 5. polyacrylan.id. <,el followed by «ABP-depe„Ie„" 
lium stainina r^f rsr.^ t'enaent 



tetrazol: 



Seedlings resistant to 3 a. i. /ml ppr. 
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Clearly, both the LBA4404/bar and EHAlOO/gdhA lines as 
seedlings were rcisistant to 3 \xg a.i./ml PPT. 'Kius, the 
tobacco plants can be sprayed in a field with weeds with the 
PPT herbicide and at least at the indicated levels of PPT 
will hot have chlorosis evidenced* 

Example XI 

Volume of tobacco callus foimed in present of various 
levels of PPT. The transf ormants of the earlier examples 
were tested in various herbicide concentrations. 
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Mean volume of tobacco callus* with various concentrations of 
Che herbicitje Ignite™ (PPTJ . 
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The evidence clearly indicates that the volujrne of 
callus of uidA tobacco callus in PPT is significantly less 
then callus of the gdhA tobacco. 

5 Rxample XII 

VQliimg Qf Corn Callus in Present of PPT 

The volume of corn callus by volu)i»e was calculated in 
10 light of different tranrformant lines- Unlike the previous 

exajnple, there is no control line that does not carry a PAT 
gene. Both the gdhA and the uidA transf ormants contain PAT 
which has resistance to PPT. 
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Mean volume of corn callus* w:-.h varices concentrations o 
the herbicide Ignite"* (PPT). 
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Clearly, the gdhA tfansf ormant s are contributing 
additional resistance to , PPT herbicides beyond that conferred 
by the PAT gene alone. 

E?tample XIII 
RO Plants Herbicide Resistance 

The results of herbicide resistance in R^ corn ancS 
tobacco transf ormant s and the gdhA activity as measured by 
NADPH-GDH was compared. The following results were gathered. 

Tab-'e 13 



Herbicide res i star- re 


concentration 


dependence and gdhA 


activity in 


RO plants expressing 


gdhA. 




Plant 


NADPH-GDH 








Line 


Activity 




PPT concentration 




(nM/xng/min) 




(mg a 


.i /ml) 






0 


1 


3 10 30 


a. Tobacco 










uidA 


0 








2A I gdhA) 


2046 


+ 


■4 


4 4 - 


32 (gdhA) 


1600 






44- 


91 igdhA) 


1000 


♦ 


4 


44- 


64 igdhA) 


800 




4 


4 - - 


52 igdhA) 


200 




4 




b. Corn 


(all contain 










PAT gene) 








LLB( gdhA) 


100 


♦ 


4 


44- 


LL2 igdhA) 


20C 


4 


4 


444 


DLl igdhA) 


0 


4 


4 


4 - - 


DL2 igdhA) 


0 


4 


4 


4 - - 
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The results show that transf onnants without the gdhA 
gene provide no protection against the herbicide. The 
trans fcrrr^ant 52 evidences the least amount of NADPH-GDH 
activity and it still gives resistance at I mg, a.i./ml of 



PPT. 



Activity levels of NADPH-GDH of 1000 and over provide 
PPT resistance in tobacco. In corn, which has the added ppt 
resistance, the controls were not resistant after 3 mg. 
a.i./ml. However, activity levels of 100 of NADPH-GDH raised 
the tolerance to 10 mg. a.i./ml. The combinatio.n of the gdhA 
ge.-.e which expresses well and the PAT gene in corn shows even 
3C .-ng a.i./.T.l of PPT can be resistant (LL2) . 

Exarapl*. VTy 



Progeny of corn plants containing gdhA gene and either 
the Bar gene or the PAT gene which, are bi ed and developed 
from tho seeds of the plants of the examples, above can be 
planted in a field. This faeld. could then be sprayed for 
weeds with a p.hosphinothricin herbicide such as Ignite~. 
This is a method of increasing plant growth. This herbicide 
spraying would eliminate most of the undesirable vegetation 
and the plants containing the gdhA gene would survive and 
25 i.-icrease growth. Alternatively, the corn plants can be 

transforTred with the gdhA gene only and not include the 
selectable marker of either Bar or PAT. This transfor^nt 
would be expected to survive the spraying and also show 
increased growth though it may be slightly less tolerant 



The gdhA gene can be transformed into crop plants that 
would not be expected to be effected by the herbicide PPT. 
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This would allow better growth of these plants in fields that 
are sprayed or in those that are not sprayed. 

pxample XV 

Improved crop nitrogen assimilation can reduc 
environmental contamination by nitrates. Specialty corn 
hybrids for plant in^; in watershed areas or for. biofuel 
feedstocks will be developed. 

f^^irro^eyi Runof f Pet ermi nai lons 

Plants were fertilized with 1 liter of lOmM ammonium 
nitrate and subsequently not watered or fertilized. After 48 
hours, the root system was flushed with 10 liters of water 
and the runoff water fror. each pot collected. The ammonia 
concenti at ion in each rur.-of f water sample was determined by 
Nesslerization. Briefly. 1 ml. of sample was mixed with 1 
mi. of 0-2% gum acacia solution. 1 ml. of Nesilers reagent, 7 
ml. of water. Aft^r 20 minutes. the absorbance was 
determined at 42C nm. Tne nitrite concentration was 
determined by mixing 2 ml. of sample. 5 ml . of sulphanilic 
acid solution and 5 ml. of alpha-napathyl aimine solution. 
After 30-60 minutes, the absorbance was determined at 540 nm. 
The nitrate concentration was determined by the 4- 
methylumbeilif erone method. Briefly, 0.5 ml . of sample was 
mixed with 50 jil of 1 M sulfamic acid and heatcfd to 100 C for 
5 minutes. On ice 10 ml of 4.4 M ammonia. After 20 minutes 
at room temperature, the absorbance was determined at 540 nm. 
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Table 14 

Nitrogen runoff rate in tobacco and corn expressing 



10 



15 



20 



Plane 
Line 


NADPH-GDH 
Activity 
(nM/mg/min) 


Arrjnonia-.' 
Concentration 
(mM) 


Nitrate 
Concentration 
(inM) ' 


Nitrate 
Concentration 
(mM) 


a , Toba< 
BAR 


:co 

0 


0.3 


0.3 


0.4 


2A 


2046 


0.2 


0.1 


0.2 


b . Corn 










DLl 


0 


0.2 


0.3 


0.5 




800 


0.1 


" 0.1 


0.2 



These results show that the gdhA gene can be used to 
decrease the nitrogen content of runoff -water . The increased 
assimilation by plant roots results in less nitrogen to be 
available for leaching. 

Siohif jparifjp 

BiQfuels/War.»T<>jp^ Pr«>n.^ itT^ 

Unassimilated nitrogen is converted to nitrate and much 
is leached fron. the soil and into groundwater. The EPA is 
already considering setting lin,its on nitrogen use in 
watershed areas. Agricultural inputs contribute to nitrogen 
contamination in Illinois drinking water, particularly in the 
North Central region. More than 1> community water supplies 
and 25% of the 360.000 private wells contain concentrations 
of nitrogen above the EPA limits. Improving corn nitrogen 
assimilation with foreign transgenes may reduce nitrogen loss 
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25 



by increasing assimilat icn» Attempts to dev lop such corn 
might be used to delay restrictive legislation and increas 
support for corn derived biofuels. Approximately 20% of 
Illinois farmland is in watershed. areas. An increase of 10% 
in the corn derived ethanol as oxygenate addition to gasoline 

would double the demand for corn and would lead to high r 

corn prices. 

Health Ben^fir.t, 



The association between dietary nitrates and several 
cancers is weak but positive (Holler et. al, 1990). 
Groundwater consumption pan be a significant source of 
dietary nitrates in iilinois (Lee and Neilson 1987). 
15 Reducing groundwater contamination by nitrates may have a 

small beneficial effect on the rate of cancers. Infants 9-6 

.^x^" ^ P^^5f5^^^5 T^^^ 'f9?? dietary nitrates 

because nitrate reacts strongly with their blood hemoglobin 
causing methemoglobinemia, a condition similar to carbon 
20 monoxide poisoning in adults (Marschner, 1995).. Bottled 

" periodically recojwnended for infemts in 18 Illinois 
communities with high nitrogen in their water supplies. 

nitrates are associated with higher abortion rates 
(Prins/ 1983) . 



Environmental Pr^mintp 



A health food or environmental premium on the mar)cet 
price of improved corn, might be developed by mar)ceting 
30 strategies. This might also lead to increased utilization. 

If a 1 cent per bushel premium for 'low nitrogen impact' corn 
developed and Illinois farmers grew 1.74 billion bushels then 
profits would increase $17.4 million in Illinois. 
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Reduced Producer Iif?nfifa 

Assuming a 10% nitrogen loss, 175 lb/acre use, lo 
cents/lb cost, and 13 million acres planted then income 
losses are: 0,1 x 175 x 10 x 13.000,000 ^ $23 million or 
SI. 75 per acre. Although annual producer losses may approach 
S23 million per year in Illinois this is likely to vary 
depending on weather, soil types and cultural practices. The 
technology proposed might reduce producer expenses some part 
of that $23 million per year in Illinois, 

' ^ • Example XVI 
Altered 5?eed rcmpn^iri^n 

Using the R, plants, produced by the previous examples, 
the plants can be further modified to include genes that 
alter seed con^sition. A nujri>er of these types of genes are 
known ih the art/ These genes make altered hybrids. Altered 
seed cbrnjib'sition leads to several specialty corn hybrids and 
pf bducts^ ^ High p^^^ could be produced by increasing 

nitrogen assimilation. High sucrose corn or increased starch 
accumulation could be produced by simultaneous manipulation 
of carbon and nitrogen metabolism. The gdhA gene used in 
association with genes that alter starch content or chemical 
form or sugar content or fonr. to promote alterations in plant 
composition. 
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WE CLAIM: 

1. A method of improving crop growth which comprifies: 

applying to a field containing a crop, which are 
phosphinothricin resistant due to having an 
expressable transgene encoding for phosphinothricin 
resistant glutainate dehygrodenase enzyme a sufficient 
amount of a phosphinothricin class herbicide to 
control undesirable vegetation without significantly 
affecting crop growth. 

2. A method according to claim 1 wherein said gene is 
mutagenized. 

3. A method according to claim 1 wherein said gene is a 
modified bacterial gene. 

4. ' A method according to claim 1 wherein said gene 

contains the Kozac consensus sequence. 

5. A method according to claiin 1 wherein said 
phosphinothricin class herbicide is combined with a 
second herbicide. 

6. A method according to claim 1 wherein said crop is 
selected from the group consisting of corn, cotton, 
brassica, soybeans, wheat or rice. 

7. Transgenic plant cells and progeny thereof comprising: 

1} an expression cassettes having a transcription 
initiation region functional in the plant cells; 
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2) a DNA sequence that encodes foi the GDH enzyme in 
said plant cells; and 

3) a transcription termination region functional in 
said plant cells. 

'^^^^^r/^^^H'^.^-^^^^^^''^'^. cassette imparts a detectabl 
level of herbicide resistance to the phosphinothricin 
class of herbicides. 

Cells according to claim 7 wherein said at least one 
of said transcription region and said termination 
region is not naturally associated with said sequence. 

,f ^hei-ein the sequence is 
from a bacterial gene. 

Cells according to cla^im 9 wherein said bacterial gene 
is E. coin. 

Cells according to claim 9 wherein said sequence from 
said bacterial gene is modified to enhance expression 
in plant cells. 

Cells according to claim 7 wherein, the DNA sequence 
encodes the amino acid sequence shown in Figure 3. 

Cells according to claim 7 further comprising a 
''^^''^^IP^^^} transient: peptide adapted to target the 
chlofoplasis. 

cells according to claim 7 wherein said transcription 
initiation region is constitutive in action. 
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Cells according to claim 7 wherein said transcription 
initiation region is organ specific. 



16. A cell culture of cells according to claim 7 further 
comprlting a marker gene that is capable of growth in 
a culture medium which includes a herbicide which is 
in the phosphinothricin class. 

17. A cell culture of cells according to claim 7 further 
comprising a marker gene that is capable of growth in 
a culture medium which Includes a herbicide which is 
not a phosphinothricin. class*. 

18. A cell culture, of claim 16 wherein said herbicide is 
15 bialaphos. 

19. A transgenic j>lant originally formed from 
nontransgenic plants,, and progeny thereof which 
contains:. 



1) an expression cassette having a transcription 
initiation region functional in the plant cell; 

2) a genetically engineered dna sequence that is 
capable of encoding for the GDH enzyme in said plant 
cells; 

3) wherein said plant evidences detectable increases 
in GDH activity when compared to said nontransgenic 
plants like that from which said transgenic plant was 
formed. 

20. A transgenic plant according to claim 19 wherein said 
plant is a dicot. 



35 



50 



U80786 



A transgenic plant according to claim 20 wherein said 
plant is a jnohocot. 

A transgenic plant according to claim 21 wherein said 
plant is Zea mays, 

A transgenic plant according to claim 20 wherein said 
plant is selected from a group consisting of: 

brassiica, cotton, soybeans, tobacco, 

A transgenic plant according to claim 19 wherein said 
plant forms seeds- and said plant further comprising a 
genetically engineered DNA sequence that alters at 
least one of the protein and oil content of the seed 
of said plant and evidences altered GDH activity when 
compared to a transgenic plant containing said oil 
altering DNA sequence* 

A transformed corn plant containing a bacterial 
glutamate dehydrogenase gene. 

A recombinant pi asmid characteristic in that the 
recombinant plasmid contains a const i tut ive promoter . 
a chloroplast transit peptide and the bacterial gdhA 
gene and transcriptional termination region. 

A biologically pure culture of a bacterium 
characterized in that the bacterium is transformed 
with the recombinant plasmid of claim 26. 

A transformed corn, plant according to claim 25 further 
containing a second gene that was introduced into the 
plant or its ancestors by genetic engineering that is 
resistant to PPT. 
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E.coli gtlliA 

TCOA/.AA<riv;<:AAAACCACATCACATAAACAAt:ATAACCACAATCGTATT/vArAU*A'rAACGCT^ 
TCTATCCArCACACAl-A'i'rCTCTOCAr.TCA-J*l<:crCAACCA'rGTCCAAAAf; 

CCCGACCCfiAA^rAAA*^tOAGT^CXCCC•AACCC•J•JTCG1Y;AACTAATf;ACCACAC^X-rCCCC-^T^Tl-i•r 
CAACAAAAtC<-:/.AAATATCCCf:AGATCJCA'lTACTr.GACCnTC.TCCn<JAJV 

CCGCAGCGCGnr.ATCr^GTTlXrUCCaCCrA'JCGCriCATGATCGCAA(.v:A<:A'iACACCTCAACCCTf;«:Al 
GCCCTC'^CACTTCACCT<.TGC.CATCCCCCCCTACAAACGCCk:TATCC<:<: 

TTCCArcCCTCACrfAACCTn-rCCATTCTCAA/.TTCC-rCCCC-rj-JCAArAAACerTCA/tAAAT<K 
eiACTCTGCCr.Ar«>:GCCGTGCTAAACCCC.CCACCCAriTCGA"rCCOAA/- 

CGAAAAACCCAACCTo;iACTCAl-CCGl"n-|-JGCCACGCCCI^TGACTCAACTCTATCCCCACCrir,Gr.Cr. 
CCCATACCCACCTrcCGCCAGGTCATATCCCCCTTGGTGCTCCTCAACTC 

CCCTTTATCGCCCGCATCATCAAXAACCTCTCCyaCAATACCCCCTGCGTCTTCACCCCTAAGGCCCTTT 
CAlTTCCCCCCACTClTATTCGCCCCCAAGCTACCGCCTACCGTCTCCT'r 

TATTrrCACACAACCAATGO-AAAJ^CCCC^C(^TATCCCTTTTC;'JvC<;OATCCCCCTl'rcCCT^ 
CCCGCAACGTCGCCCAGTACCCTATCCAAAAACCGATGGAATTTCGTCCT 

CCTGTCATCACTGCr.TCAGACrCCAC<:GGCA<.-JGTACTTCATGAAACCCGATTCACGAAAGAr./vA.'»C-lCCC 

acctcttatccaaatca/-agccaccccccatggtccactgcca<;atiac 

GCCAAACAArmvnx-JCCJX'rATeiCGA/»GGCCAACAGCCGTi-GTf-rirrACCCC^ 
TCCCCCACCCAt: A AJ\:AAf.-rCC Al CriC ACCCCGCCCATCACC-iTATt: 

CCrAATCCCC7-rAAACC<»TCCCCCAACCCCCVJUVTATCCCCACCACCArCCAACCGACTGAAC-|<;-I-rc<:AC 
C:ACCCACCC'31AClArrJ'GCACCGCCTAA/.GCGGCTAATCCTCGTr:c<: 

CTCCCrACATCr^^;*rCJt;GAAATGCOVCAAAACGCTCCCCCCCTCC<;oiy:CAAACCCGAGAAACrrCAC<;C^ 
CCTTTCCATCACATCATGCTGCATATCCACCATOCCrGTCTTCACCAT 

CGTC;aTCAAC<ri\;ACC^CCAACTACClx;CACOCCGCCAACAl-rGC(:<:Gjn-JTCTCAACGlTGCCC 
ATCCTCCCCCACCGTGTGATTTAACITCIAAATCCCTCATGGCGCTAC 

CCTTATCACCCCTACAAATCCCCACAAVrCArrCCACTTAC&CTCTAyvTCTACCCCCCCGAACCCCACCCCC 
CCCCCCAAAATi-lCACCCCTTTATCACrATTJAACCCATGAT<;CTcCC 
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CACOCAACATTTCrTATt;*>JCCAACCCCATTTerTAC^^ 
CACGCiTCAAGTTCACCA'iCCC'i''rAAC 
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HrrAr.pClnThi-Tyr5crTx?uG ] >j5:#T*^hcLf-'uA-nil i r.V.i 1 1: 1 nLyjAfjAr.pProAi;?i 
CinrhrCluPhoAJaClnAlaVAlAroClcV,! IHirriK: J;.! I-vu7i jiProPhcLvuG J ii 
<:ii^AnnHruLysryrArqCli^£Tt;crLcuI>eur.loAr -4Li uVj iClurroCl uAt g 1 
11 «fO } nPhcArgVi* 1 V« iTrpVa 1 Ar.pAi;;;Ar *jA--;nG 2 1 cC I nV.-i 1 AsnArgA 1 .iTrp 
Ar<?Valc;lnI*heSerS*irAlaI Jy»»i uTyt I./';r, I y«;iyMK-i ArqP»»it!J i sl'roSot 
ValA5nLeuScrIlcl-«uLysI>heI^uC)yP>H«r,3uGlnThi riii.-r,yj;A:;nAlaLeul )ir 
Thz L*>urroMCTGJyClyGlyLy£G)yGlys\;rAt-.pPlieAr,pri or.y/;nlyLys5erGlu 
G) yG luV;» IMCTAryPhcCysGl JxAl**LA!uMt*:*n)rGl uU;uTyrAr.j]li3l^uG 
AcpThrA cpVa 3 ProA 1 nG J yAcpI 1 cC 1 y V.t J C 1 yC J y/vroCi u Va 1 G 1 yPhcJIETAl a 
GlyMKTKErrLysLysL€u5€rAr,rLAnnT?irAlaCyi;VolPhr;Tr»rClyLysGlyLx»u*^ 
i hcClyGlySerrxsuIleAxgrroCluAl jThrG J y'j-yrCiyl^uV'o IT-yrPlioThrClu 
AlaMETIxruLysArgliisGlyMETClyPheCluGl yHKTArqVrtiUvrV^ilSerGlySor 
C 1 yAsnV;> 1 A 3 aCi nTyr Al a 1 1 oG 1 »iI.y;;A 1 .iML'i'G 1 uPhcG I yA 1 aArcjVa 1 1 1 eTbr 
Al^f^^jrAspSerSerGlyThrVAlVtf lA:;j^^li;::«rrG jyPKf-ThrLyisC IuLy-:lxi\iAlA 
Arq r .OUT ) cC 1 ul I oLysA 3 aS«r ArqAr.jv i yAi 'j Vo 1 A 1 oAcpTy rA 1 .tLy^G 1 u J»hft 
Giyl>^uV^lTyrLeuCluGIyGlr)G3tiPi ^..^rpCvrl-^rupj oV^ 1 Ar.pl l»*AlaLeuPro 
Cyr.A 1 aThrGlnAsnGluLouAr.pVa 1 Ar^j Al ;iA 1 i i:c J nl.t!ij I 1 i aAsnC 1 y va 3 
^y -A 1 i»v» 1 A laG 1 uGlyA J aAoi^irri»jf <>Thrrhr 1 1 cC I uA 1 aThr c ^ 
ClnAlaGlyValL€UPh<LAlAProGiyLysAlaAl,-iAr.rw\l,>GlyC2yValAlaTh^ 
Olyl>euGlu>irrAaaG;rtAsnAlaAlaAr9l^;uG3 yavpLysAloCluLvrA'al^ 
ArgLcuHisHisI lehlKTT^uA^pliisHisJIisAl aCVrA\ilA5:pHi:iC2yG3yGluCly 
CluGlnThrA£n7VrValCliiGlyAlaAr.KTli5AlaGlyPh€ValI,yr.ValAlaAspA3a 
HETLcuAlaClnGlyVallle 
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Mutagoniantl <}d}iA for Plant orpru.Mui on (tobacco and ef>rn) 
I 

CGCCACCa';/.ATr:AAAc:cCACTTCOCGCAACCCCrrCGTGAA<nAA-l^^^ 
GAACAAAAT<:(:AAAATATCGCCAC;A-Jt;Tf:ArrACTGGACC(;rcrGG'n'GAA 

CCCCACCCCCTGATCCACrrrCCCCTGGTAJGGGQ-rGATCATCGCAACCAGATACAGGTCAACCcmurAT 
GGCCTCTCirAGJTCAGC-rCTGCCATCGGCCcrC'JACAAAGGCGGTATGCGC 
TTCC7%TCC0TCAGlTAACCriTCCATTCrCAAArrcX''rCGGC^^ 
C-rACrcrCCCCATGGGCGGTc;GTAAACCCGCCACCGATTTCGArcCGAAA 
GCAAAAAGCCAACGTGAJ^GTGATGCaTTTTTCCCJ^GGCCerCArCACTCAAt.^^ 
CGGATACCCACC7-rcCCGCAGGaGA1'ArCGGCCTTGGlY;CJ'CG*J'G/wAGTC 
CGCTin*ATGGCGGGCATCATGAAAAACOrCTCCAACAATACCCCCTGCGTCrTCAC^ 
CATTTGGCGGCAGTCTTATTCGCCCGGAAGCTACCGGCTACGGTCtGGTT 
TATTTCACAGAAGCAATGCTAAAACGCCACGGTATGGGT7rrTGAAGGGATGCGCGT^ 
CCGGCAACGTCGCCCACTACGCTATCGAAAAAGCGATCCAATrTGCTGCT 
CGTGTGATCACTGCGTCAGACTCCAGCGGCAerGTAGlTGATGAAAGCGGATTCACGA^ 
ACGTCn*ATCCA/i/iTCA/iAGCCACCCCCGA'J*r,GTCGAGTGGCAGATTAC 
GCCAAAGA/tTTTCGTCT>CCTCrATCiCC/vAGGCC^^^ 

l-GCGCCACCCACAATCAACIX^GATCrrGACGCCCCCCATCAGC-J-rATC 

CCTAATGCf:C^TA.^AGCCG•J'CGCCG/u^GGCG<:AAA•rArGCCGACCACCAT^^^ 

CAGGCAGGCGTACTAlTTGCACCGGCTAAAGCGGCrAATGerGGTCCC 

CTCGCTACATCGGGCCTGGAAATCCCACAAAACGerGCGCGCCTGGGCTCC^^ 

CGTTl'G CATCACATCATG CTG G ATATCCACCATGCCTG'JG'ITG ACCAT 
CGrGC-iXJAAGGTCACCAAACCAAO-ACGJGCAGGGCGCCAArj^aNGCCGGl^ 
ATGCrGGCGCAGGGTGTGATTTAACT-TCTAAATGCCJ'GATCGCGCTAC 
GCJTATCAGGCCTACAAATCGGCACAArrCArrGCACTTACGCrerAATC^^ 

CCCGGCJUVAATTTCAGGCGTnn'ATCAGrATTTAAGAGCTC 

Soel 



Kutayoniaod gdluv for chJoroplaot targctting (tobacco ano corn) 
9 CATg CATCACACA'IAl-J-CTCJ'C«SAGT».ATro .-r..V.A(.(.A-n ."rc-CAA A A< : 

CGCGACCCCAATCAAAC«:A(;rjO;ccCAACCXV;r)CCrGAJ^GTAATGACCACACTC-TCCCC-I-J-i'lC-l-i- 
r.AACAAAATCCAAAATATCGCCAGATGTCATTACTOGAGCCTC-i-CCi'JCAA 

CCGGAGCGCGTGATCCAG7-riCGCr.T0crATCGCl-rCATGATCGCAACCAGATACAr.GTCAACCCTCCAT 
CGCGTCTGCAGrrCAGCTCTCCCATCCCCCCGTACAAAGGCGGlATGCGC 

l^-Cr^TCCCTCAGT-rAACO-n.CC7.TTCTCAAATTCCTCGCC-ITT..'AA<:AAACClT-CA^^^^ 
CJ AerCTGCCGATGGGCCGTGGTAAAGGCGGC\GCGATTTCGATCCC7tAA ' 

CGAAAiUVGCCAACCTCAACTGATGCX;ri-i-i-rCCCAG..CGCI«ATCACTCA/,CTGTATCGCCACOO.^CG 
CCCATACCCACCTTCCGCCACCTCA1-ATCGGCG1-IGG1-GGTCCTGAAGTC 

CCCTlTATGGCGGGGAT6ATGV^GCrcrcc/J»C/JVTACCGCCTGCGTCTTrjVC 
CATTTGGCGGCAGTCTTATTCGCCCGGA7,GCTACCGGCTACGGTCTGGTT 

TATTTCACAGAAGCAATGCTAAAACCCCACGGTATGGG7n-i-TGA..GGGATCCGCGTlT>CCGr^ 

CCGCCAACGTCGCCCAGTACGCrATCG/„\AA>»GCGATGGAATTTGCTGC-r 

CGTGTGATCACTGCGTCAGACTCCAGCCGCM 

ACGTCTTATCGAAATCAAAGCCAGCCGCGATCGTCGAGTGGCAGATTAC 

CCCA.^AGAATrix:;GTCT>:;GTCTA7V-TCGAAGGCCAACAGCCGTGGTCn 

rGCGCCACCCAGAATGAACTGGATCI'r.1ACGCa;(:cCATCACf.TTArc 

G^rAAlXK^CXSTT-AAAGCCGTCGCCGAAnoccCAAATATCCCGACCACCATCGAAGCGACTGAA^^^^^ 
CAGGCAGGCGTACTATTTCCACCCCCTAAACCGGCTAATGCTGGTGGC 

GTCGC^ACATCGGGCCTGGAAATGGCACA/JU^CGC•rGCGCGCC^GGGCTGGAAACCC^^ 

CGTTTGCATCACATCATGCTGGATATCCACCATGCCJGl'GlTGACCAr. 

CGTGGTGAAG<^AGCAAACCAACTACCTCC:AGGe:cCC:GAACAa-lGC^^^^^^^^ 

ATCCTGGCGCAGGGTGTGATTl'AAGri'GT/JVATGCCTGATGGCCCTAC 

GClT-ATCAGGCClACAAATGGGCACAA.,.,CAriGCAGrrACGCrcrAATC^^^^ 

CCCCCCAAAATrrCAGCCGTl-rATGACTAJ-JT/iAGAGC-rC 



T'- ^'7Q> 218078 



MutaGcnizcd qdliA for riant cxpreooion vith added linker re:;trict Ion ait 
(corn) -^^^ 

1 

CGCC/.ccccr^^TCA/xhc:c(:Kc.'l'l{:cc:ncAhCCCG^^^^ 

CAACAAAA'J(:CAAAA'17vT0CCC7xCATGTCA^-rAei'CC;ACCCrjC'JCC/iTG 
CCGGAGCGCnTCJ,TLChCTrYCCCGTGGTATG^^^^^ 

GCCCTCTGCAG'J-J^CAGCrCTCCCATCGGCCCGTACAAAGGCGGTATCCCC 

Ta-CCATCCGrCAGTTAACCTTTCCArrcrCAAArrC^^^ 

CJV^CTCTGCCGATCOGCGGTCCTAAACCCGGCAGCGATTTCGATi.'CflAAA 

CGAAAAAC<:c:AAC(:TCAAGl'CATGCGin''l'TTGCCAGGCGCT<;A'l\;Ae^ 

CGGATACCGACGTTCCGGC/iGGaXlATATCGGGGTTGGTGGTCGTCAran'C 

GCCTTTATGGCGGGG/tTGATGAAAAAGCTCTCCAACAATACCGCCTGCGTC^ 

CATTTGGCGGCAGTCrrATTCGCCCGGAAGCrACCGGCTACGGTCT 

TATTTCAC/tGAAGCAATGCTAAAACGCCACGGTATGGGTTTT^C/J^LCGCATGC^ 

CCGGCAACGTCCCCCACTACGCrATCGAAAAAGC6ATGGAATT'lGC'JX:cr 

CGTGTCATC:AOi^CCGTCAGACrCCAGCGCCACTGTAGrrGAUVJA.V.GCGGATTCAC^ 

ACGTf.-rTATc:nAAATrAAAGCCAGCCGCGATGGTCGAGTCCCA(:A-lTAC 

GCrjvAACAATri\-CTcnxX;TCJ-ATCirGAAGGCCAACA 

TGCGCr:ACC.:7^.GAArGAACrGGA'J'Gl-J>GACGCCGCGCATCAr.Crj'A^ 

G•erA.Al^^<;CG^T/^GCCCTCCCC^:A.^::GCGOAAATATGCCGACCA 

CAGGCAGGCGTACTATTTGCACCGGGTAAAGCGGCTAATGCTGGTGGC 

GTCGCTACA'JK.>GCGCCTGGAAATGGCACAAAACGCTGCG^^ 

CGrjn'GCATCACATCATGCrCGATArcCACCATGCCTGTGTTGACCAr 

GGTGG-rGAAGGTCAGCAAACO^crACCTGCAGGGCGCGAACATTGO 

ATGCIGGCGCACGGTGTGATTTAAGI-IGTAAATGCCTGATGGCGCTAC 

GCITATCAGGCCTACAAATGGGCACAA-JUCATl'G^^^ 

CCCGGCAAAATTTCAGGCGT-iTATCAGTATTTAAGAGCrC 
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